could be used to evoke cortical far field response patterns in humans, (2) to characterize the effects of cochlear implant-simulated channel number on the perception and physiological detection of these same CVC stimuli, and (3) to define the relationship between perception and the morphology of the physiological responses evoked by these speech stimuli. Methods: Ten normal hearing monolingual English speaking adults were tested. Unprocessed CVC naturally spoken syllables, containing medial vowels, as well as processed versions (2, 4, 8, 12, and 16 spectral channels) were used for behavioral and physiological testing. Results: (1) CVC stimuli evoked a series of overlapping P1-N1-P2 cortical responses. (2) Amplitude of P1-N1-P2 responses increased as neural conduction time (latency) decreased with increases in the number of spectral channels. Perception of the CVC stimuli improved with increasing number of spectral channels. (3) Coinciding changes in P1-N1-P2 morphology did not significantly correlate with changes in perception. Conclusions: P1-N1-P2 responses can be recorded using CVC syllables and there is an effect of channel number on the latency and amplitude of these responses, as well as on vowel identification. However, the physiological detection of the acoustic changes does not fully account for the perceptual performance of these same syllables. Significance: These results provide evidence that it is possible to use vocoded CVC stimuli to learn more about the physiological detection of acoustic changes contained within speech syllables, as well as to explore brain-behavior relationships.
Introduction
Multi-channel cochlear implants (CIs) divide acoustic input into frequency bands, extract temporal envelope information from each band, and electrically activate appropriate channels to stimulate multiple sites along the cochlea, using current pulses modulated by the temporal envelopes (Fu and Galvin, 1990; Loizou, 1999) . Vocoded speech, a synthesized version of this signal, is commonly used to simulate the effects of signal processing provided by a cochlear implant (Shannon et al., 1995) . When normal hearing listeners are tested using vocoded speech, researchers can evaluate how the auditory system processes degraded auditory signals, similar to those delivered by a cochlear implant. Simulations are often used because they allow investigators to carefully control stimulus processing schemes when testing the perception and physiological representation of the test stimuli, while minimizing the many confounding variables that come with testing actual CI patients. With this information, investigators can then make inferences about perception in CI users and conduct similar studies in CI listeners for comparative purposes, all with the intention of developing or improving our basic understanding of speech perception in normal and disordered populations.
Using vocoded speech stimuli, we previously demonstrated (Friesen et al., 2001 ) that speech recognition performance improves as the number of active channels available to the listener is increased, perhaps because temporal and spectral resolution of the incoming signal improves (Fig. 1a) . Take for example the consonant-vowel-consonant (CVC) syllables /hid/ (as in 'heed') and / hId/ (as in 'hid') used in the Friesen et al. (2001) study. Fig. 2 shows the acoustic waveform and spectrographs of these speech tokens in their natural (unprocessed), and processed/vocoded (2 and 8
